reaction was competed. The fluorination of 5f, 5p and 5q did not proceed because of their degradation. Therefore, 3f and 3n-q were prepared from ethyl difluoro(substituted thio)acetate (6) by route B. 3h was also prepared by route C, but attempt to prepare 3a from route C by the methylthiolation of a-chloro-a,a-2Ј,4Ј-tetrafluoroacetophenone 6) was failed to give a complicated product, because the substitution reaction of the aromatic ring at the 2 and/or 4 position competed.
Compound 2 was prepared from the key intermediates (3) as shown in Chart 3. 7) Compound 2m was prepared from 9l by hydrolysis followed by oxidation.
Compounds 10r and 10s were prepared from 9b by alkylation. Also compounds 11r and 11s were prepared from 10r and 10s by oxidation, respectively. Compound 2a was easily methylated by diazomethane to afford 11t (Chart 4), because the acidity of the hydroxy proton is relatively high due to the strong electron withdrawing effect of the neighboring fluorine atoms.
A desfluoro analog of 2a (12) 8) was prepared owing to comparing the activities.
Antifungal Activities The synthesized 1,2,4-triazole derivatives containing the difluoro(substituted sulfonyl)methyl moiety (2a-q, 11r-t) and 12 were screened for their in vitro activities against C. albicans, C. krusei, A. fumigatus and A. flavus, and compared with those of FLCZ and ITCZ. The minimum inhibitory concentrations (MICs) are shown in Table 1 .
The introduction of a bulky tert-Bu group (2f) or a hydroxy group into the ethyl group (2m) decrease the antifungal activities in vitro. The alkylation of the hydroxy group (11r-t) decreased the antifungal activities in vitro.
Compounds 2, 12 and FLCZ, except for 2m, were tested in vivo against C. albicans at the 4 times oral administrations after infection in Table 2 .
The introduction of fluorine atoms enhanced the antifungal activities in vitro and in vivo (2a, 12).
As phenyl substituents, the 2,4-difluoro (2a) and 2,4-dichloro (2k) derivatives showed superior activity to the un- substituted (2h), 4-fluoro (2i), and 4-trifluoromethyl (2j) derivatives in vitro and in vivo. As substituent for R, the in vitro activities were increased in the order Me (2a)ϽEt (2b)Ͻn-Pr (2c)Ͻn-Bu (2e)Ͻn-Pen (2g), but the in vivo activities were decreased in order Me (2a)ՆEt (2b)Ͼn-Pr (2c)Ͼn-Bu (2e)Ͼn-Pen (2g). We presume that the reason why the antifungal activities decrease according to alkyl chain length in vivo are due to their increase of hydrophobicity which caused a low absorption. Similarly, 4-methylphenyl (2o), benzyl (2p) and 4-methoxybenzyl (2q) derivatives showed excellent antifungal activities in vitro but showed very week antifungal activities in vivo. We postulate that the low in vivo activities of 2o, 2p and 2q are also due to their hydrophobicity. c-Pr (2d) derivative showed excellent antifungal activities in vitro and in vivo.
Compounds (Ϫ)-2a, (Ϫ)-2b, (Ϫ)-2d, (Ϫ)-2i, (Ϫ)-2j and (Ϫ)-2k
showed antifungal activities, but those of the (ϩ)-form showed no significant activities. The absolute structure of (Ϫ)-2b is (R) as shown in Fig. 2 .
Half lives of Sch42427 and SSY726 having methylsufonyl group were relatively long 13 and 44 h in rats, respectively. Therefore, the (Ϫ)-form of 2a, 2i, 2j and 2k, which have methylsulfonyl group, were tested in vivo against C. albicans for a single oral administration after infection (Table 3) . (Ϫ)-2a and (Ϫ)-2k showed excellent activity at a single oral administration, and (Ϫ)-2i and (Ϫ)-2j showed superior activities to FLCZ. This suggest that half lives of (Ϫ)-2a and (Ϫ)-2k are long and they can be used in a tablet once a day or several days.
The (Ϫ)-form of 2a, 2b, 2d, 2i and 2k were tested in vivo against C. albicans at the 4 times i.v. administrations after infection (Table 4) . Their activities were excellent and superior to that of FLCZ. The water solubilities of (Ϫ)-2a and (Ϫ)-2b are 4.1 and 0.46 mg/ml, respectively. This result suggests that (Ϫ)-2a and (Ϫ)-2b can be used in a tablet and/or by injection.
Conclusion
New 1,2,4-triazoles (2) having a difluoro(substituted sulfonyl)methyl moiety were designed and synthesized via key intermediates (3) . The introduction of fluorine atoms into the triazole antifungals enhanced their antifungal activities in vitro and in vivo. The (Ϫ)-form of 2 is the active form and the absolute configuration of (Ϫ)-2b is (R). Especially, (Ϫ)-2a, (Ϫ)-2b and (Ϫ)-2d showed potent activity against C. albicans in vivo for both oral and i.v. administrations. They are now undergoing further investigation.
Experimental
Melting points were determined on a Yanagimoto melting point apparatus without correction. IR spectra were measured on a Nihon-bunko IR-810 spectrometer.
1 H-NMR spectra were recorded on a JOEL JNM-EX400 FT-NMR spectrometer in CDCl 3 using tetramethylsilane as a respective internal standard. 19 F-NMR spectra were recorded on a JOEL JNM-EX400 FT-NMR spectrometer in CDCl 3 with trifluoroacetic acid as an external standard. The following abbreviations are used: sϭsinglet, dϭdoublet, ddϭdoublet doublet, dtϭdoublet triplet, dddϭdoublet doublet doublet, tϭtriplet, qϭquartet, mϭmultiplet, brϭbroad. MS or high-resolution mass spectra (HRMS) were obtained on a JEOL JMS-DX303 or JEOL JMS-AX500 mass spectrometer. Optical rotations were determined on a Horiba SEPA-300 polarimeter. HPLC were performed on a Hitachi L-6000 pump equipped with a Hitachi L-4000 detector. Preparative HPLC were carried out on a Yamazen 800E pump equipped with an UV-10V detector. Column chromatography was carried out on silica gel (BW-80S Fuji-sirial). Resolution of (Ϯ)-1 was carried out by preparative HPLC on CHIRALCEL OD (2 cm i.d.ϫ25 cm) with precolumn CHIRALCEL OD (2 cm i.d.ϫ5 cm) (Daicell Chemical Industries, Ltd.) and optical yields were measured by HPLC using CHIRALCEL OD (4.6 mm i.d.ϫ250 mm) with pre-column CHIRALCEL OD (4.6 mm i.d.ϫ 50 mm) (Daicell Chemical Industries, Ltd.).
General Procedure of Synthesis of 2-(Substituted thio)acetophenone (5) Mercaptans (50 mmol) was added to a solution of 2-haloacetophenone (4) (55 mmol) in dimethyl sulfoxide (DMSO) (150 ml) at room temperature with stirring. The mixture was stirred at room temperature for 15 h. After addition of water, the mixture was extracted with Et 2 O. The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using AcOEt-n-hexane [1 : 9 ( 
0476). IR (neat) cm
Ϫ1 : 1675. General Procedure for the Synthesis of Ethyl 2,2-Difluoro(substituted thio)acetate (6) NaH (55 mmol) was added to a solution of mercaptan (50 mmol) in DMSO (50 ml) at room temperature with stirring. After the mixture was stirred at the same temperature for 1 h, ethyl bromodifluoroacetate (55 mmol) was added to the solution at room temperature with stirring. The mixture was stirred at the same temperature for 15 h. After addition of aqueous NH 4 Cl, the mixture was extracted with Et 2 O. The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using AcOEt-n-hexane [1 : : 1765. General Procedure of Synthesis of 2,2-Difluoro-2-(substituted thio)-acetophenone (3). (A) General Procedure via Fluorination A solution of 5 (50 mmol) in 1,1,2-trichloroethane (TCE) (10 ml) was added dropwise into the suspension of N-fluoro-2,4,6-trimethylpyridinium triflate (FP-T300) (150 mmol) and zinc bromide (25 mmol) in TCE (100 ml) for 10 min at 80°C-100°C. The mixture was stirred at 105°C. After addition of water, the mixture was extracted with CHCl 3 . The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using AcOEt-n-hexane [1 : 9 (v/v)] or distilled under reduced pressure to give 3. 
(C) Synthesis of 2,2-Difluoro-2-(methylthio)acetophenone (3h) via
Methylthiolation Sodium methanethiolate (60 mmol) was added to a solution of 2-Chloro-2,2-difluoroacetophenone (50 mmol) in DMSO (150 ml) at room temperature with stirring. The mixture was stirred at room temperature for 15 h. After addition of water, the mixture was extracted with Et 2 O. The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using AcOEt-n-hexane [1 : 9 (v/v)] or distilled under reduced pressure to give 3h. (yield 49%)
General Procedure for the Synthesis of 2-Aryl-2-[difluoro(substituted thio)methyl]oxirane (8) from 3 with Trimethylsulfoxonium Iodide (TMSI) TMSI (5.5 mmol) was added to a suspension of NaH (60% in oil; 6 mmol) in DMSO (30 ml) in tetrahydrofuran (THF) (10 ml). After stirring at room temperature for 1 h, the mixture was added to 3 (5 mmol) in THF (10 ml) at 0°C with stirring. The mixture was stirred at the same temperature for 1 h. After addition of aqueous NaHCO 3 , the mixture was extracted with AcOEt. The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using n-hexane-AcOEt 1 mmol) were added to a solution of 8 (2 mmol) in dimethylformamide (DMF) (30 ml). The mixture was warmed at 65°C for 5 h. After addition of aqueous NaHCO 3 , the mixture was extracted with AcOEt. The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using CHCl 3 -MeOH [98 : 2 (v/v)] as a mobile phase to give 9.
Resolution of (؎)-9 into (؉)-9 and (؊)-9 Compound (Ϯ)-9 (50 mg) was subjected to preparative HPLC (CHIRALCEL OD with pre-column CHIRALCEL OD), using n-hexane-2-propanol [3 : 1 (v/v)] as a mobile phase. The more mobile isomer is (Ϫ)-9 and the less mobile isomer is (ϩ)-9. Their optical yields are measured by HPLC (CHIRALCEL OD with precolumn CHIRALCEL OD) using n-hexane-2-propanol [1 : 1 (v/v)] as a mobile phase (flow rate: 0.5 ml/min, column temperature: 21°C). 88 (1H, m), 7.70-7.77 (1H, m), 7.81 (1H, s), 8.09 (1H, s) . 6 (1F, m), Ϫ32.3-Ϫ32.4 (1F, m) 3-(1H-1,2,4-triazol-1-yl)-2-propanol (9m) by Hydrolysis of 9l 1 N NaOH (11 ml) was added to a solution of 9l (10 mmol) in dioxane (50 ml) at room temperature with stirring. After the mixture was stirred at the same temperature for 1 h. The mixture was stirred at the same temperature for 15 h. After addition of aqueous ammonium acetate, the mixture was extracted with Et 2 O. The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using CHCl 3 : 3100. General Procedure for Alkylation of 9b NaH (11 mmol) was added to a solution of 9b (10 mmol) in DMSO (50 ml) at room temperature with stirring. After the mixture was stirred at the same temperature for 1 h, alkyl halide (55 mmol) was added to the solution at room temperature with stirring. The mixture was stirred at the same temperature for 15 h. After addition of aqueous NH 4 Cl, the mixture was extracted with Et 2 O. The organic extract was washed with water and brine, dried over MgSO 4 , and evaporated under reduced pressure. The residue was chromatographed on a silica gel column using CHCl 3 to give 10. 
